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Abstract

The use of Systems Engineering (SE) is mandatedebepartment of Defense
(DoD) and United States Air For¢e)SAF) policy and is to be considered under the
purview of the Program Manager (PM). narmal SE program can consist of multiple
processes from user requirement generation to the verification and validation of the
system under design. The SE process encompasses the entire acquisition program and
cantake multiple years toonduct with comletion only being achieved when the
program is disposed of at the end of its.life

Rapid acquisition programs suchthese fulfillinga Joint Urgent Operational
Need (JUON) can have timelines that are compressed to lesthramths from the
moment the capability gap is recognized to the time that the system is put into operational
use. This compressed timelioffennecessitatethe truncation of some tasks and the
removal of others.

This research examinée literature omow the USAF completes rapid
acquisitiors and compargit to the responses of twelve members of the acquisition
community with experience in rapid acquisition. The datategorized to allow for the
main points to beollectedexplaininghow the USAF ailors the acquisition and SE
processes.The resultshowed that while some programs do follow prescribed
instructions most use an adoc execution procesand theSystems Engineering

Technical Management Processese underutilized
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TAILORING SYSTEMS EN GINEERING FOR RAPID ACQUISITION

I. Introduction

General Issue

The use of Systems Engineering (SE) in acquisition programs is mandated by
Department oDefense (DoD) and United States Air Force (USAF) policy and is to be
considered under the purview of the Program Manager (PMypidal SE acquisition
program can consist of multiple processes from user requirsgeEmération to the
verification and validation of the system under design. The SE process parallels the
entire acquisition program and typically takes multiple yearsven decadeto
complete.

Rapid acquisition programsuch aghose fulfillingan Urgent Operational Need
(UON) or JUON, can have timelines that are compressed to less than 24 months from the
moment the capability gap is recognized to the time the system is put into operational
use. This compressed timeline necessitates the truncéisome tasks and the
elimination of others.This research examines the SE and acquisition processes that are
implemented by different members of the acquisition community to understand how they
tailor the processe® meet expedited timelines associatgth rapid acquisition
programs.

Currently the Chief Systems Engineer and PM decudleatsystem engineering
activitieswill be completed in accordance with DoD and USAF policy. This means the

experience level of bote Chief Systems Engineer ané ®Mwill heavily influence



what they perceive as value added products and required documentati@k is\gery
broad and rapid acquisitigrogramsare constrained by the expedited approach, the
program will not have enoudghme to allow forall systens engineeringctivitiesto be

completed.

Problem Statement

With standard acquisition practices taking too long to be responsive to the urgent
needs of a warfighter currently engaged in operations around the wowdloes the
acquisition community in thAir Force tailor their processto meetith s er 6 s needs ?
This research investigates the different acquisition and SE processes used in rapid
acquisition programs and compares them to the military instructimes.objective of
the research is to better understand the different ways programs are managed and how the

SE processes are used duringlifeeycle of these programs

Rapid Acquisition
The DoD categorizes its acquisition programs based upon the anfiooohey
allocated to different parts of the program. AcquisitiorgPam CategoryACAT) |
include programs over $1Billion in research and development {@féise of the
Undersecretary of Defense for Acquisition Technologlyagistics 2008) These are the
major program®f the DoD that take years to develbpwever, not all programs reach
this level of cost or scheduleRapid Acquisition programs are considered streamlined
programs that Ar apipdlby |@ahoCkaetond Stadf,R202)del | ver

Many programs are considered rapid acquisgionwhich the entire program only has



eighteerto twentyfour months between when the requirements are initiated aad wh
the program is fielded.

New policy being published by the Dol classifyits acquisition programs by
schedulealong with the cost associated to the program. This means there are now three
new stratifications for projectg) rapid, which consist ghrograms that are scheduled for
less than two years of acquisition time before field#)ggmergent, which consists of
programs that are scheduled for two to six years of acquisition time before fieldihg;
3) legacy, which is all programs that wilki&more than six years of acquisition time to
go from need validation to initial fieldingffice Of The Undersecretary Of Defense For
Acquisition Technology & Logistig013)

The DoDconsiders JUONS as rapid acquisition and removes them from the
standard acquisition strate¢@ansler & Hughes, 2009)All DoD acquisition programs
are required by federal regulations to include systems engigeerineir processes.
However, inside of a compressed time schedule there is limited time availatnesior
SEprocesses. As will be seen in the literature review, theregsiidance as tavhich

activities will providethe most benefit for the timevasted.

Methodology
This researclvasdesigned to answer how the US#Hors systems engineering
and acquisition prograsito complete rapid acquisition§ he researcheronduced
interviews with twelve members myf the Air Fo
spanninghree laboratories, twaditionalsystemprogram officegSPO) and tworapid

development system program offigaside the Air Force Life Cycle Management Center



(AFLCMC). By using a broad population sample from across the Air Foragatievas

able to be triangulated to improve thgernalvalidity of the research.

The subject matter experts (SB)Enterviewed were selectdédr their experience

in rapid acquisition anty their availability to the researchefwelve SMEs were

interviewedfrom a variety of organizationBpwever due to limitations of time, money

and access, not dlloD organizationghat conduct rapid acquisition were included in this

study.

The data collected from the interviews was codetl Gategorized based upon the

content and used to answer the basic questions posed in thisitegsisv does the

USAF conduct rapid acquisition?

Investigative Questions

With the inconsistent implementation of tailor@chuisition andsE in mind, this

thesis focues on understanding whidhcquisition and&SE activitiesshould beconducted

to help the acquisition programs in meeting the @disseds. The following five

guestions were investigated during this thesis.

1.

What processes does the United Staiegorce use to complete rapid acquisition
projects and programs?

Are the observed processes consistent with prescribed instructions?

What SE activities are used in rapid acquisition programs in the United States Air
Force?

How arerapid acquisition progims tailored in the United States Air Force?

Which program attributes are used to determine program tailoring?



Summary

This chapter introduced the issues that are facing rapid acquisition in the DoD and
Air Force. There have been multiple attempts tolacate the traditional rapid
acquisition process to allow for faster responses to the warfighter. This thesis examines
how the acquisition professionals in the Air Force conduct rapid acquisition and the
Systems Engineering activities required to meeettpedited timelines. Chapter 2 will
discuss the prescribed processes defined by the organizations that conduct rapid
acquisition along with the literature review of previous inquiries analogous to this study.
Chapter 3 will provide the methodology ottktudy. Chapter 4 wifiresenthe results
of the interviews conductedndChapter 5 will examine the results and give

recommendations for future research and improvements for the study.



[l. Literature Review

Chapter Overview

The purpose of this chapter is to review plblishediteraturein the domainof
systems engineerirggong with documentation describimgpat is required to be
completed in the subset of rapid acquisition. This overlagsthe groundwork for the

research questiormitlined in the previous chapter

Description

The DoD is mandated to use three processes to develop new systems and
capabilities; the Joint Capabilities Integration and Development System (JCIDS), the
Plannng, Programming, Budgeting and Execution System (PPBE) and the Defense
Acquisition System (DAS{Sullivan, 2009) Typical acquisition programs take
anywhere from % 15 years, with some major programs such as aircraft or naval vessels
taking even longefSullivan, 2009) Examples include the-Z2 Air Superiority Fighter
which ertered Demonstration and Validation Phasé986a n d deaachits dnitial
operation capability until 200& n d t h enewldsh nugle@rsaircraft carrier, the USS
Geral d R. Ford which the Navy began funding
delivered to the Navy until 201@epartment of the Air Force, 200@)epartment of the

Navy, 2005; Department of the Navy, 2013)

LegacyAcquisition
DoD 5000.1and 5000.2 artheformal instructiors definingtheway themilitary
acquires new weapon systems and capabiliti@st published in 1971 and@ving out

of the ColdWar policiesanddictatedby federal staties, the avenues facquiring



weapms systems and capabilitiage organizethto a series oflecisiongates allowing a
program to progress from one phase to the cextingent on demonstrating progress

towards program objectives and ussguirementgFerrara, 1996) As stated in the

currentversionofthe nst ructi on

for rapid acquisition oOfficercdthedUndemscterydfnol ogy

Defense for Acquisition Technology & Logistics, 2008)owever, as discussed above

and seen belowm Figure 1 thisis notalwaysthe case.

Capabilities [~
Integration &
Development

nnnnnnn

Budgeting
&

Process.
(annaal
calendar.driven)

T —

1 Program Lifecycl@befense Acquision University, 2014)

Figure

Startingfrom the leftof Figurel, arequirement is validated and then the program

moves from the left to right, going from the Material Solution Analysis Phase to the

, hevolutionary acqui si't

f

Technology Development Phasegfab the Engineering 8anufacturing Development

Phase, theto the Production & Development Phase and finally onto Operations and

Sustainment. Based upon the expected cost of the programs, they will be categorized as



anACAT Level I, II, or lll and as suchthe ACAT levell and Il programswill be
requiredto complete moref the activities shown in the chahntan those programs
designated as ACAT level I{Dffice of the Undersecretary of Defense for Acquisition

Technology & Logistics2008)

Need for Rapid Acquisition
The longer timelines dégacyacquisitions are one of the reasons why the
military uses JUONSs to establish rapid acquisition progitaaaswill meet an operational
need within 180 24 months. Examples of these accelerated programs include the Mine
Resistant Ambush Protection (MRAP) Vehicle which was initiated in 2007 and delivered
vehicles by 2008, and the Project Liberty aircnafivhich,inside a year of receiving the
warfighters ned statementhe United States Air Force received their first airframe for
deployment (Force, 201Q%ullivan, 2009)
To meetthetimelines associated with rapid acquisitj@ertain processes
normally requied undetheJCIDS PPBE and DAS are shortened while others are
eliminated or completed after the initial fielding of the systérar military instruction
rapid acquisition is:
A streamlined and tightly integrated iterative approach, acting upon validate
urgent or emergent capability requirements, to: conduct analysis and evaluate
alternatives and identify preferred solutions; develop and approve acquisition
documents; contract using all available statutory and regulatory authorities and
waivers and dewitions of such, appropriate to the situation; identify and minimize
technical development, integration, and manufacturing risks; and rapidly produce
and deliver required capabiliti€3oint Chiefs of Staff, 2012)
UONsareicapabil ity requirements identified I

an ongoing or anticipated contingency operation. If left unfulfilled, UONS result in

capability gaps potentially res@dintGhiefgy i n | os



of Staff, 2012) UONs andJUONsare required to be revalidated every 2 years after the
original validation date to ensure that the requirement is still valid and to facilitate the
transition to an ending requirement or the assessment of limited duration sustainment
(Joint Chiefs of Staff, 2012)
UONs and JUONs are required to have an ia
the capability solution within® days of t h(@oint Ghiefs of Stdff, 201R)e | di ng o
This will help facilitate the movement of the program through the transition and to
determindts sustainability. There are three assessment aagsg Failure/Limited

Success, Success/Limited Duration Requirement, andeSs/&mduring Requirement

(Joint Chiefs of Staff, 2012)

Prescribed Rapid Acquisition Processes
AFI 63-114 is theset ofinstructionsgiven by the USAF on how it answers UONS,
JUONSs or Chief of Staff of the Air Force (AF/CC) directions. Itis meaptawidea
framework for PMs to sati sf yreducktle capabiite nt need
gap-defined in the requirements douentation.A program is designated as a Quick
Reaction Capability (QRC) by the milestone decision authority (MDA) based upon the
following three triggers, with aaxpected timeline for a QRGF 180 days to 2 years
(Department of the Air Force, 2011)

1. Trigger 1 is a UON given by a Commander Air Force Forces (COMAFFOR) such
as the Commander of Air Combat Command (COMACC).

2. Trigger 2 is a JUON from a Unified Combatant Commander such as the
Commandepof Central Command (CENTCOM) or Pacific Command
(PACCOM). The JUON will be validated by the Joint Requirements Acquisition
Cell (JRAC) and passed on to the lead service.



3. Trigger 3 is if directed by the
operat o n a | (Deparendnd of the Air Force, 2011)

The designation as a QRC allows the programs to minimize the number of
reviews that are required and provides access to exemptions andswaiveormally
given to traditional acquisition programs. There are four phases for a QR{Esafter
requirements have been validated: Course of Action (COA) Development, Materiel

Development Decision (MDD), Execution, and Transitidiis process is shown below

AF/ CC

in Figure 2
Requirement Step 1 Step 2 Step 3 Step 4 )
Enduring
_AFiCc / Develop & Field I Capability
Direction or + Source funding
JUON « Minimal capability fielded
+ Rapid contracting methods Sustain in
COA « Delegated authorities > Theatre
« Acceptrisk
+ Tailored DT/OT to assess
capabilities & limitations
« Warfighter feedback Demilitarize
wlanned sustainment / & Dispose
CJCSI3470.01 COA QRC-MDD Execution Transition
AF110-601 Development

Figure 2QRC ProcesfDepartment of the Air Force, 2011)

In COA development the PM decides on which of the different possible COAs
that the program will follow. During the MDD the proposetuton from the previous
phase is validated and officially chosen. The Execution phase is where the bulk of the
work for the program is completed, with the engineering design, testing and initial
fielding completed during this phase. The Transition pfsage process in which the
program is either transitioned to an enduring program of record, sustaitiezhiar only,
or demilitarized and disposed giDepartment of the Air Force, 2011)

An importantaspect for the QRC programs is tailoring. It is directed that the

QRC programs will usanexpedited review process along with streamlined

10
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documentation and certificationstteefi ma x i mum extent possi bl e and
risk to provide rapid capability twar fightingcomma n d gDegadment of the Air

Force, 2011) As such, if it is not a statutory requirement, QRCs widbtrikely tailor

regulatory requirements while keeping documentation and certifications to a minimum.

The AFI also states that the QRC will only
systems needed fortegfandint he at er @epartmant daf thenAsr Borce,

2011)

Systems Engineering

The I nternational Council on Systems Engi
discipline that concentrates on the design and application of the whole (system) as
dist i nct f r qHaskind) leorshery,r&tKeuéger, 2006Alternatively the DoD
defines SE afintegrating technical processes to define and balance system performance,
cost, schedule, and risk within a fayadf-systems and systera$és y st ems cont ext 0
(Department of Defense, 2008)he Defense Acquisition Guidebook (DA@Egfines SE
as fiis a methodical and disciplined approach
realiza i on, technical management, (Degeepseati ons, a
Acquisition University, 2004) INCOSE views SE as a collection of different processes
that allow the optimization of @emplex problem set. In the DoD acquisition w8l
has evolved ird multiple Technical Processes and TechriitahagemenProcesses.

For any acquisition program in the DoD, either traditional or rapid, the PM has

the responsibility to ensure the program is executed properly, instructions and laws are

followed, establishvho thestakeholderareand their requirements, coordinate all

11



acquisition and SE plans, ensure decision are documented, and mangdfefsise
Acquisition University, 2004)

The Systems Engineer is responsible for the execution of the SE plan created with
thePM, understanding the context of the proposed system within the syg&®mstems,
assessing process improvements, mauggiye technical risks of the program, overseeing
the programdés technical reviews, e@suring th
followed, and reviewing the deliverables from contrac(besfense Acquisition
University, 2004)

According to efense Acquisitiotuniversity (DAU), SE can be thought of as 16
interrelatedprocesses, categorized as either technical processes or technical management
processes as segnfablel. The ei ght techni c-downdesigpcesses ar
processesandbottemp r eal i zati on processeso needed to
a waking system. This is contrasted with the eight technical management processes
whichipr ovi de insight and control to assist th
to meet perfor manc e (DefensehAequisitioreUniveasityd200)o st g o al

Table 1 Systems Engineering Processes

Technical Processes Technical Management Processes
Stakeholder Requirements Definition Technical Planning
Requirements Analysis Decision Analysis
Architecture Design Technical Assessment
Implementation Requirements Management
Integration Risk Management
Verification Configuration Management
Validation Technical Data Management
Transition Interface Management

12



Technical Processes

The firstTechnical Pocess to discuss is the Stakeholder Requirements Definition
Process inwhichthe PMilliel i cit, negotiate, document and
requirements forthe systeaf-i nt er est wi t hi n (Baskneétalpned envir
2006) The Stakehol derodos Requir emesignated!lda@ f i ni t i or
office to work with the program stakeholders to define the requirenf@ntise system
and translate those system level requirements into technical requiréDefieisse
Acquisition University, 2004) The user requiremenypically requires refinement by the
acquisition progranoffice so that the overall program can be scopedbanmianaged to
balanceuserneeds andystemperformance wittschedule and costhis procesensures
that the different stakeholders all have a say in the system definition and agree on the
future vision of what the system will be capable of doing. This process helps to
complement the Architecture Design Process and the Requirements Analysis Process by
reducing the chance of requirements creep and a change in focus of the (Bstense
Acquisition University, 2004)

The next process is the Requirements Anal
assesgprioritize, and balance all stakeholder and derived requirertiralisding
constraint}, and to transform those requirements into a functional and technical view of a
system description capabl ® offhimsetdiercg mploes i ¢t
the stakehol dersodé requirements into system s
designed without i ntr o@@askinsretgl., 8008)Doringthee nt at i on

beginning of the programtheprosesi s used in concert with the

13



Requirements Definition Process to define what the system will be required to do, but as
the program matures and the design becomes more defined the plamddd s uppor t
allocation and derivation of requirements down to the system elements representing the
| owest | ev e (Defenge AtghistiondUaigerisity,r2@04)

INCOSE views lhe Architectue Desgn Procesast he c¢cr eati on of a #fs
architecture basel i ne (Hadkiastet ak, 2a006)Asdthereview t he r e g
i's that the Architecture Design obBtpusofess al |l o
the Stakeholder Requirements Definition and Requirements Analysis Processes into
alternati ve (Defense gaguisiion University, 04T his architecture is
used to examie any configuration changes that are brought up in the design process and
to ensure that system interfaces have been discu$sedArchitecture Design Process,
along with the Stakeholder Requirements Definition and Requirements Analysis,
combine to prome insights into technical risks along with mitigation strategies for the
program. Defining and analyzing the architecture during this process allows the PM and
SE to look at concepts such as maintainability, sustainability, performance and cost
before fnalizing the expected desigDefense Acquisition University, 2004)

The | mpl emengpautripoons ePriosc eiistsod6 desi gn, <creat .
el ement conforming ts ctr h @dskine &t @l m2006)Tiatis det ai | €
to say that the I mplementation Process is wh
are physically createdlThere are two phases for the Implementation Prodessyn and
realization. The design phase includes the engineering and contracting activities to
devel op the Adetailed design down to the | ow

ar c hi t(RetatsaAcquigition University, 2004)The realization phase of the
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| mpl ement ati on Process is fAithe process of bu
materials and fabrication and production too
(Defense Acquisition University, 2004This could include manufacturing or coding the
part to meet all the specifications spelled out in the previous processes.

The Integration Process is how the subsysteemsted during the Implementation
Process connect together to form the full systéncombinesall of the individual parts
to Areal i-afée nteeesysf{e&im in accordance with ¢t}
reqguirements and {(Haskinsietak, 20§&)This is aniterave r at e gy o
process where all of the design considerations will be implemented to ensure that the
different parts of the system all correctly fit together to meet the purpose okthe us
This works in concert with the Verification process to ensure that each part and
subsystem meets the requirements for it. The Interface Management Process helps
ensure that each subsystem is able to connect to the correct mate and that the system as
whole is able to connect to other systems as required for the capability being provided
(Defense Acquisition University, 2004)

The Verification and Validation ProcessesludeSE activitiesin whichthe PM
verifiesthat the requirements are being addressed in the design and then vtiatatee
product produced meets the requirements of the(bseskins et al., 2006)The
Verification Processensr es t hat each Asystem el ement per
and meets all performance requirements | iste
(Defense Acquisition University, 2004)n other words, verification ensures that what
was built was done correctly. This can be done by a combination of demonstration,

exanination, analysis, and testinghe Validation Process is the way that the PM and SE
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can prove that the system built is @atrfor the needs stated by the stakeholders. If the

Veri fication process asks iAdid we build what
asks Adid we b u(DéfahsewtgaisitionWeiersitye280d¥e Thid

process consists of evaluations that examine the system for operational suitability,

effectiveness sustainability and survivability under realistic environmental constrains.

The TransispiuomoBrot¢ as $idobthetsystarmand er cust od)
responsibility for system suppo(daskinfetom one o
al., 2006) The Transition Process is how the system will be delivered to thasard
This includedraining personnel to use the system, the installation of the system and the
delivery of any manuals or technical data to the correct stakeholder. The Transition
Process begins early in the development of the system to allow for proper transitioning of
the system and includes maintenance and support functions for the entire system under
design(Defense Acquisition University, 2004T his is a crucial step in the acquisition
process as this is whéime program is turned over to the user to be implemented in the
field, and in the case of the DoD this is when warfiglitérses could be at stake

depending on how well the system is designed.

Technical Management Processes
The first of the technical nrmagement processes (TMPs) is Technical Planning
which includes fAdefining the scope of the te
sustain the system, as well as providing critical quantitative inputs to program planning
and lifecycle cost estimat s(Defense Acquisition University, 2004 )echnical
planning allows the Systems Engineer and the PM to plan for and program money for

different planned activities along with helping to createumdation for the risk
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management process and the creation of the measures that will be used during the
Technical Assessment ProcéBefense Acquisition University, 2004)his process is
contirually reevaluated at each phase of the acquisition program.

The Decision Analysis Process is the way that the DAG defines the decision
making process to allow for traceability of decisions along with the creation of an
adionable planDefense Acquisition University, 2004)t has multiple levels, with
mul tiple | ower | evel discretelevavieawl ysesd bein
relevant to the decisioma k er and ot h(leefensse Acquisidon Oriversty, s 0
2004) This process should influence and interact with other SE processes including:
Technical Planning, Technical Assessment, Stakeholder Requirements Definitions,
Requireanents Andysis, and Architecture Desigibefense Acquisition University, 2004)

By conducting the Technical Assessment Process the Systems Engineer is able to
Acompar e achi ev enddcnteigta prdvide adabesad nnsldrstaddend i
of the current level of product knowledge, technical maturity, jgragstatus, and
t e c hni ¢DafenserAcgsiition University, 2004 his pocess allows the PM to
have access to data to conduct decisions about the program. It is conducted throughout
the life-cycle of the program and provides the data necessary to make any corrections
needed for the program.

The Requirements Management process ensures that the program turns out a
capability or item that meets the needs of the end(Dsfense Acquisition University,

2004) Those needs are normallyfided during the Stakeholder Requirements
Definition process along with the Decision Analysis Process and are updated as required

for changs provided by the stakehold&efense Acquisition Universit 2004) This
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process also allows for the traceability of high level requirements to detailed design
specifications and viceersa. By allowing a twavay traceability it ensures that no detail
specifications are orphaned from system needs nor argyatem needs not meet during
the desigr(Defense Acquisition University, 2004)

The Risk Management Process is fithe overa
identification, analysis, mitigation plamg, mitigation plan implementatioand tracking
of pr o g (DefenserAcqaidition University, 2004) Ri sk is defined as
unwanted event that may or nodgmanagdiatah ccur i n
phases of the prograf@efense Acquisition University, 2004 his process allows the
PM and SE to manage the program and minimize the programmatic and technical risk of
the pogram.

Configuration management is more than ensuring the output of the program is in
controlled versions for upgrades, it fdall ows
design and is the principal methodology for establishing and maintain emyisif a
systembés functional, performance, and physic
operational informationthrauh out t he sy gDefensdAsquikitiod e cycl e o
University, 2004) While the processes is ongoing during all phases of the program it is
important that the different baselines, such as the functional and allocated baselines, are

used in ensuring the correct configuration is being worked on by the program team.

AFRL Systems Engineering
AFRLI 61-104 defines howthe Air Force Research LaboratoAHRL) PM and
scientists look at SE with respect to reviewing and executing programs under their

purview. Itis derived from the 16 processes defined in the DAGIlamaldbetailored
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for the particular projects andgqgrams that are being conducted in the [@be process
describedinAFRLI6GIL 04 i s how AFRL A[decomposes] scie
knowl edge, or capabil it y(AFRe 2@3b) Thebelove c hnol ogy
figure shows how AFRL views their process and incorporates the 8 Technical

Management Processes and 8 Technical Processes defined in the DAG.

Customer Technology Technology
Requirements |:> Alternatives |:> Demonstration
ITERATIVE
’,_--—— Q\/

Determine i_f‘ Establish S&T l_l“ Develop |_h‘ Perform Value |_P‘ Develop and |_l‘ Analyze and

Requiraments Exit Criteria Technology Analysis Demenstrate Deliver Project
Alternatives Technology Results

\\‘ ITERATIVE ——//

Figure 3 S&T Systems Engineering Proc@ssSRL, 2013b)

The AFRLI recommends that the 8 TMPs be ¢
concurrently while the eight technical processes are performed sequentially, although
with considerableér at i on and f @ERLRGIBOK checkingbo

The AFRLI alsdists eight questions that it expects its PMs and SEs to use during
the assessment of their programs. These questions were derived from the 16 DAG
processes.

1. Who is your customer?

2. What are the customerb6s requirements?

3. How will you demonstrate you have met the requirements?

4. What are the technology options?

5. Which is the best approach?

6. What are the risks to developing the selected technology?

19



7. How will you structure your program to meet requirements and mitigate risk?
8. Whatis your businesbased transition plan that meets customer approval?
As can be expected, the eight questions tie in with the 16 pescesribed in
t he DAG and are used to fiasoenapatcutahS&T suf fi ci e

pr og (ARRLH2013b)

Tailoring

The need for tailoring is paramount in rapid acquisition, not only tailoring the
acquisition procegsused but also the SE activities completsatithe tailoringshould
Arefl ect t he s ympeetymsize andeopey[and]tifee yahe eobaseo
(Defense Acquisition University, 2004Rapid acquisitions often tailored due to the
smallerscopeand less complex solutions that are required to meet the expedited
ti melines. SE processes are normally design
compl et el y ne w(Pickardw§ Nokarx 2080yPickad amd Nolan
recommend using Risk Management and Probability Calculus to determine which
processes need to be completed and to what level of rigmk Management is the SE
processisedto identify andreduceuncertainty(Pickard & Nolan, 2010) Probability
Calculus is the comparison of the cost of preventive measures versus the probability of
harmmultiplied bythe loss. If the cost is less thine product of the harm and loss then
the preventative measureositd be included, and if the cost is greatentit should be
excluded. In the context of rapid acquisition tailorieggineering design and all of the
SE and acquisition processes used can be considered a risk mitigation witresy

Aevery entggpecifiicatiennevery architecture, every drawing, every analysis and
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every test is aimed at reducing the risk that the solutiovi | | not be fit for
(Pickard & Nolan, 2010)

Pickard and Nolanfosu on two types of tailoring: fna
apply a process, and the second iPckatdo choose
& Nolan, 2010) The first is examining which process to includexclude while the
second is determining which of two processes to include when they both will meet a
certain need or requirement. They fouhdintrodudion of risk into the system in a
controlled manner is acceptable, withuanderstood tradeff in the value of the system.

They do give one caveat on where not to tailor a program, safety critical systems. As the
probability of occurrence is defined, such a
mitigations required to achieve this level of prabgbof occurrence have to be applied

andcan ot be t éickard & Hadan, @01Q) 0

Beasley and Partridge discuss the fact that optimizing each subsystem does not
mean you are optimizing the overall®ysh; t he f ocus needs to be ol
best systenti ¢ a n(Bepskey § Rartridge, 2010)This focus can help alleviate the
sub-optimization of the overall project by optimizing a sadtivity or pocess. Each

process must work in harmony with the others so that the goal of an optimized system

can be achieved.

Previous Research

The study completed b@aptKipp Johnson looked at the rapid acquisition case
study of the SelAwareness Space Situational Awareness (SASSA) Program and how

that program used a tailored versus DoD prescribed Systems Engineering process. The
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author found that while the program deviateahi standard SE processes, not all of the

changes were beneficial to the programs performance, schedule a@bhbasbn, 2010)

He found that by exempting SASSA from the JCIDS process the program was able to

fmove more quickly than a JCIDs programo whi

out put of the progr am @ohgsant20d0pt meet t he wuse
Another study looked at different principles of rapidustion to determine how

the systems engineering process could be tailored. This was done by interviewing the

senior leaderfor a number of AFRL programend creating a framework to define the

level of rigor that the different systems engineering preeshould be completed to

Their findingsand associated framewonkhile helpful to a program manager in a

holistic sensat AFRL, is not generalizable to non AFRL projects and progr@ebm,

Pitzer, & White, 209).
One of the key research questions postulayemith (2011was fdAwhat accept

activities in rapid development literature and practice correlate to Defense Acquisition SE

act i (Smith, 2051pHis aralysis of the literature showed that stakeholdlers

requirements definition, architecture design and technical planning were all emphasized.

This was completed using a qualitative analysis of the literature and focused interviews

with leaders in AFRLgoreprocesgprogramsadministering rapid development programs

trying to deliver new technologies inside of two years. While this framework states a

gualitative view that these processes are the most important it does not go into detail on

the level of tailoing that best suits different projects or how they interact with other

processes to create a successful program.
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I n 2012 AFI Tés Systems Engineering Resear
report on Expedited Systems Enginegifor Rapid Capability and Urgeiteeds which
discussed its findings on the different ways that rapid acquisition can be completed. It
makes recommendations based upon three:drpasyanizational best practice®d fi g o
fasto cul turaadd)ibapi dp waacticedoe H e st

They found that Arapid requires an integr
judgmentsProcesses for task reductions, and Product aspects focused on rapid
0 b j e c(Ldparee&sColombi, 2012) When looking at therganizational best
practices with respect to this thesis, the report recommend the use of mature technology
and Afocus on t hgepsrd &Qolembp 2012) Tihhecautipoosss si bl e 0
recommended using a stabégjuirement list gathered from the customer while using an
incremental development process for the system under design. Other recommendations
included the acceptance of some risk agichg to exploit any flexibility allowed(Lepore
& Colombi, 2012)

The findings for cultural best practices
knowl edge sharing [é]l]yhnhoheomabtatistmabofl iizat 00
(Lepore & Colombi, 2@2). One other i mportant recommenda
level is that the DoD should focus not on having a single rapid organization, but many
flexible rapid development teamvith a shared knowledge bgtepore& Colombi,

2012)

Summary
This section discussed how the DoD views SE and what has been previously

researched. It has showcased the different techanchtechnical managemesrbcesses
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incorporated into the larg&E processwhile also laying the amework for the research

guestions that this thesis addresses.
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[ll. Methodology

Chapter Overview

The purpose of this chapter is to explain the methodology used to understand the
acquisition and SE processes used by the United States Airtbaamplete rapid
acquisition and how those programs were tailored to meet the expechesdlle
requirements. Them@refive research questions investigated during this research:

1. What processes does the United States Air Force use to complete rajsdianqu

projects and programs?

2. Are the observed processes consistent with prescribed instructions?

3. What SE activities are used in rapid acquisition programs in the United States Air

Force?

4. How arerapid acquisition programs tailored in the United States Air Force?
5. Which program attributes are used to determine program tailoring?

This research was completed in a four step process based upon the qualitative
research design described by Merriam, incltihe first phase is the literature review,
followed by purposeful sampling and data collection. The third phase is the analysis of
the collected data, and the fourth and final phase is drawing conclusions with respect to
the research questiofigerriam, 2009) Figure 4shows the methodology process used

during the study.
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Literature Review Conclusions

= In Depth analysis = Pull salient points from data
- Definition of basic processes set

« Review of DODI| & AFls « Synthesize themes from data
analysis with literature review

+ Recommendations
Purposeful Sampling and Data Analysis
Data Collection » Interviews coded / categorized

- 12 PM / SE interviewed during the process
« Open ended questions + Continued until allowable time

elapsed

« Initial Interviews feed into later |
interviews
/

Figure4 QualitativeMethodology Process
Setting
Thisis a qualitative study examining how the Air Force completes rapid
acquisition. The interviews were completed in two locatitarse to face at AFIT and
over the phone while the interviewees were at their Waw&tions The location at AFIT
allowed for aguiet situation with little to no distractions for the interviewee. The phone
interviews were conducted to minimize the di

facilitate the interviewing of personnel who were not located at WRgltterson AFB.

Participants

The SMEs themselves were selected because they are acquisition personnel who
have experience in the rapid acquisition proegsBue to the small population of
program managers with rapid acquisition experience and the time frame associated with
this research, the number of interviews was kepivédve The sampling technique used
in this thesis was a ngprobabilistic purposivased sampling where initial SMEs were

selected based upon personal recommendations from the research comihétethe
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SMEs wereasked to recommend others that they have worked with that had the
necessary background to be included in the study. This type of snowball sampling helps
to reach underserved or hard to reach populations such as rapid acquisition SMEs
requred for thisthesis(Lund Research Ltd, 2012As mentioned, due to time constraints
associated with the research program, the total number interviews conducted was capped
attwelveto allow proper time to conduct data analysis and to draw conclusions.

As mentioned previously, the participants were selected as SMEs with experience
in rapid acquisitions within the Air Force. These participants were required to have been
associateavith rapid acquisition programs and to have knowledge and understanding of
how they were conducted and what processes were used. t@etheparticipants, all
were members of the Akorce;ninewerecivilian employeestwo wereOfficersand one
was a ontractor Two had reported spending a portion of their career at a systems
program office(SPO) with five having spent time working inRL. Due tothe need
for the respondents to be experts in their figtdany ofthe participanttielda senior
level position inside theirespectiveorganizations witmine being considered senior
(equivalent ogovernment service (GS) level-1%), two mid-level (GS level 1213),and
onecontractofAFRL, 2011) The seniority level ofthe SMEs is shown below Figure

5.
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Figure 5 Seniority Level of SMEs

The SMEs interviewed for this study hdifferent backgrounsland experience
with rapid acquisition and the @uisition process as a whol€ive personnel work in
AFRL on rapid deviepment projects in various locations, while another two work as
senior leadrship at one of the laboratory directorates and will be referenced as lab
personnel for the duration of this thesiBwo personnel workn traditionalprogram
managemenpositiors in program offices at AFLCM@nd will be referenced as
Traditional SPO personnel. Another two SMEs work at an organization foonsegid
design and prototyping which is managed by AFLCMC. The final intepaevas a PM
atan office thatvorks on sensitive rapid acquisition for the intelligence community.

These final three SMEs are designated as Rapid SPO personnel due to the uniqueness of
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their programs with respect to the acquisition corps as a whble distribution of

personnel irgrviewed can be seen belowRigure6.

B Traditional SPO
OAFRL
B Rapid PO

Figure6 Personnel Distribution

Measurement Instruments

To collect the data from the participants, a semictured interview was
conducted to elicit responses. The interviewees were instructed that they wasktte
sixteen questions and they did not have to answer any or all of the questions. A copy of
theinterview protocolused during the interviews is includeddppendix A

The purpose of the interviews was to gather knowledge from the different SMEs
to understand the different processes used across the Air Force. Interviewing the SMEs
allowed the researcher to gather data from across many programs but to keep the
sensitive nature of the programs at bay as they were not discussed in any detail that migh
compromise the programs or this research. The information was recorded in all of the

interviews except one, so that the data could be transcribed and then coded during the

data analysis phase. For ,holteewetakeandnt er vi
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then reviewed by the interviewee to ensure that the answers were 100% factual to what
was discussed during the interviednother outlier was interview #10 in which the
interviewee brought a second SME to the intervid@ieir responses are combined
AppendixD, Summary of Interview 9.
The interview questions were created specifically to answer the research questions
of this thesis. The purpose of the interview questions was to elicit responses from the
interviewees with regard their experiene with rapid acquisitionn the Air Force. The
interviews ranged from 30 minutestoan hourahda | f depending on the r
comments and the need for follow up questions from the interviewer for clarification of
any answers. The questionswezerst t o al |l of the intervieweec
allow them to familiarize themselves with the content of the interview and gather any
information they would need to answer the questions. An attachment was also sent to
each interviewee that expl&id the eight SE management processes and eight technical
management processes as defined by the Defense Acquisition Guidebook (DAG) as seen
in Appendix B This attachment also included nominal sub processes that one would
expect to complete with respeotthe sixteen SE processes as culled from the thesis of

Maj Behm, Maj Pitzer and Ms. Whi{®ehm, Pitzer, & White, 2009)

Validity and Reliability

Val i di teytenttoswhightthe mstrument measures what it was intended to
me a s (Bui,2014) The interview script was designed specifically for this research
and it was reviewed by SE and PM experts to ensure that éiséans being asked
would result in the answers that were applicable to the research. Another aspect of

validity comes from data triangulation, which refers to taking a broad sampling of data
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from multiple collection points as was done here, i.e. inteivig personnel from
multiple Air Force agencies. Data collection from multiple people and agencies helps to
raise the internal validity of the research because it reduceBdnasny one viewpoint

(Merriam, 20@).

Procedure

The data was collected through sestructured interviews. As discussed in the
Setting section, the interviews were conducted bothtiaface and over the phone due
to travel and time limitations. When the interviews were conductpdrson, they were
completed at the AFIT campus in a room free of interruptions and distractions. When
conducting the phone interviews the interviewee was atwek desk. This allowed
the interviewee to feel comfortable and secure in their surrogadiBefore each
interview, the interviewer would complete some short personal discussion with each
interviewee to put the participant at ease and to build rapport. At the start of each
interview, the interviewer would ask if the interviewee would allbevihterview to be

taped and transcribed for data analysis purposes. Each interview then began with a

reading of a preamble to remind the interviewee of the subject that was to be discussed.

The interviewer would then pose each question to the intergiewieirn, asking follow

up questions as needexd, shown in the interview protocol AppendixA. After the
interview was completed each taped interview was transcudiad a denaturalism

met hodol ogy that removes iduttessspauses,r at i c
nonverbal s, i nvo|(Qlivert Senowch, & Masen] 2006)a heiuse ofa) 0

verbatimtranscript was usei minimize investigator bias before handling and
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interpreting the datéHalcomb & Davidson, 2006)Each question posed during the
interview wasmnapped tane of the research questions, as shbelow inTable 2

Table 2 Interview Questions

Interview Question Research Question
1. What experience do you have with rapid acquisition? N/A
2. What process have you seen being used to complete rapid acquisition prfograms? 1
3. Does your office follow the QRC process defined in AFIl 63-1147 2
4. How do these programs begin (i.e. initiation by UON/JUON, technology pgush.)? 2
5. How iterative is the rapid acquisition process that your office uses? 2
6. Do you view rapid acquisition as an incremental process or a single time

solution? 2
7. What SE activities did your programs include? 3
8. How did you decide which processes to include? 3
9. How iterative are the SE activities used in your programs? 3
10. What interactions did you see between the SE process included or excluded? 3
11. How have projects you have been involved in tailored the acquisition prgcess? 4
12. How do you determine to what level a program needs to be tailored? 4
13. What effects did tailoring have on the overall project? 4
14. When determining how to tailor a program, do you start at a minimum ba

and add activities or do you start with a standard ‘'whole' program and remo

activities? 4
15. What attributes does your organization use to determine how a program

tailored? 5
16. What interactions are observed between the attributes and the outcome

program? 5

Data Analysis

The data analysisonsisedof four phases: operoding, analytical coding,
category construction, and drawing conclusions. Open coding is described as the taking
of notes based upon data collected from the SME intervidlssearethe researché
thoughts of what the diis describing and are not limited to preconceived concepts
(Merriam, 2009) Each transcrips analyzed through the open coding process asd ha

notes describing what the key thoughts and ideasThese otes were placed on
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printouts of each transcript and then recorded in a Microsoft Excel file that annotated the
interview number, page and line number of the data along with the code.

The second phase is analytical coding which is described as the grofithieg
open codegMerriam, 2009) In this phase the codes themselves are interpreted and
grouped based upon the meanings of the data. This was completed in the Excel file by
grouping each data point withhars that shared common points or themes. These groups
lead to the next phase of the data analysis.

The third phase is the construction of the different categories based upon the
analytical coding of phase two. The categoaiepopulated by the data imbs that are
culled from the analytical coding based upon patterns and any commonality found. Each
category was analyzed and modified as more of the interview data was incorporated into
the pool of analyzed data. The categories had five criteria thah#teto meet before
they could be considered as a final category
research questions, be as sensitive to the data as poss[bld|dmtively] exhaustive, be
mutually exclusive,lad] be concepMardam|2909)c ongr uent 0O

Examining the five criteria further we see thedponsiveness means that each
category should@nehow be related to and answee of the research questions
purposed by this thesfMerriam, 2009) Sensitive categories should be named in such a
way that fAan outsider s houlindomesensabfther t o r ead
nat Meeiam, 209). Exhaustive means that all of the relevant data is placed into
one of the categories while mutually exclusive means that each relevant data point is
place only able tbe placed in a single categdierriam, 2009) The final criterion,

conceptually congruent, means fAthat the same
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categori es a(Merriamm,&009) alhedinal categeriestand calased

during the study will be discussed further in Chapter 4.

The final phase of the data analysis the drawing of conclusions that aswer the
research questions. Thiss done by examining each of the categories that were
created to describe the datzollected and then pulling the salient points and themes
out. Assumptions and Limitations

The assumptions made in this thesis are as follows. It was assumed the SMEs
were actually subject matter experts and they would have said they did not quah#y for t
study if that was the case. This assumption was validated by the first question of the
interview in which the SMEs were asked to describe their experience with rapid
acquisition.

Another assumptiowasthat collectively,the SMEs interviewed reprasea
crosssection of the rapid acquisition efforts of the Air Force. Due to time and
availability constraints some offices were not interviewed or were unable to participate in
this study. As such the generality of this thesis could be limited bydkeidully

including all areas of Air Force rapid acquisition.

Summary

This section discussed the methodology of the interviews and data analysis
conducted for this thesis. By interviewing E8and analyzing their canents, a broad
understanding was aehed regarding/hat the Air Force does in support of rapid
acquisition and the SE processt®t goalong with the tailoring that is done to ensure

meetingthe timeline. Tkse results amiscussedn Chapter 4.
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IV. Results

Chapter Overview
The purpose of this chapter is to examine the results of the interviews and draw
conclusions from the data to answer the five research questions posed earlier.
1. What processes does the United States Air Force use to complete rapid acquisition
projectsand programs?
2. Are the observed processes consistent with prescribed instructions?
3. What SE activities are used in rapid acquisition programs in the United States Air
Force?
4. How are rapid acquisition programs tailored in the United States Air Force?
5. Which piogram attributes are used to determine program tailoring?
Each interview wagranscribed verbatim and thended and categorized based
upon the content provided by the interviewefs.example of a coded portion of an
interview transcript is shown belaw Figure7. As stated earlier, each main category
meets the five requirements: be responsive to the research questions, be as sensitive to the
data as possible, be exhaustive, be mutually exclusngde conceptually congruent

(Merriam, 2009)
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Figure 7 Example Coding of Interview

Figure7 shows an example of the first stage of the data procesgiag,coding.
This is followed by analytical coding where the open codes are grouped togatties.
passge shown in Figure the following codes were grouped together based upon the
contentthat they represented: Atc Process, CP3, Spiral Acquisition, andhfat
Process. When this group was combined with the others formed during the open and
analytical cadling of the ten other interviews the categthrgt was aeated was called
Process. A full listing of the seven categories used during the study and the number of

codes included is shwn in Table 3 8 shows the frequency of the top twedfitye codes
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